Interpretation: Our findings showed that children with possible developmental coordination disorder were at greater risk of overweight and obesity than children without the disorder. This risk did not diminish over the study period.
D
evelopmental coordination disorder is a neurodevelopmental condition that affects 5%-6% of school-aged children. 1 Children with the disorder present with a range of coordination difficulties, including fine and gross motor problems, 2 all of which interfere with normal daily activities, recreational activities and academic performance skills such as handwriting. 3 Developmental coordination disorder is diagnosed when existing neurologic and physical problems are ruled out as the cause of motor coordination difficulties and intellectual development has been taken into consideration (Box 1). 1, 4 The clinical implications of a diagnosis have been described previously. 5 Because children with developmental coordination disorder have been found to be less likely to participate in physical activities, 6 it has been hypothesized that this condition may be a risk factor for obesity. 7 Only a few studies have examined the association between motor coordination problems and overweight or obesity in children. [7] [8] [9] [10] Moreover, the literature in this area is limited in two key respects. First, previous research has relied almost exclusively on body mass index (BMI) as the outcome measure. [8] [9] [10] Although important, BMI is not the only indicator of relative weight and has been shown to be weakly correlated with fat mass in young children. 11, 12 Waist circumference provides valid estimates of abdominal fat in pediatric populations 13 and appears to be a stronger predictor of cardiovascular risk among children. 14, 15 Second, previous research in this area has been limited to cross-sectional data, with two notable exceptions. 8, 9 However, results from these two prospective studies were mixed: one study showed a significant effect of motor coordination on weight, 8 the other did not. 9 Our objective was to document several measures of adiposity over time in children with and without developmental coordination disorder.
Methods

Study population
Ethics approval for the study design was obtained from the local district school board and Brock University. The study population comprised all children in the fourth grade (ages 9 Background: Children with developmental coordination disorder have been found to be less likely to participate in physical activities and therefore may be at increased risk of overweight and obesity. We examined the longitudinal course of relative weight and waist circumference among school-aged children with and without possible developmental coordination disorder.
Methods:
We received permission from 75 (83%) of 92 schools in southwestern Ontario, Canada, to enrol children in the fourth grade (ages 9 and 10 at baseline). Informed consent from the parents of 2278 (95.8%) of 2378 children in these schools was obtained at baseline. The main outcome measures were body mass index (BMI) and waist circumference. Children were followed up over two years, from the spring of 2005 to the spring of 2007.
Results:
Over the course of the study, we identified 111 children (46 boys and 65 girls) who had possible developmental coordination disorder. These children had a higher mean BMI and waist circumference at baseline than did those without the disorder; these differences persisted or increased slightly over time. Children with possible developmental coordination disorder were also at persistently greater risk of overweight (odds ratio [OR] 3.44, 95% confidence interval [CI] 2.34-5.07) and obesity (OR 4.00, 95% CI 2.57-6.21) over the course of the study. and 10) in the 2004/05 school year in the public school system in the Niagara region of Ontario, Canada. We received permission from 75 (83%) of 92 possible schools to enrol students. Informed consent from the parents of 2278 (95.8%) of 2378 children at these schools was obtained at baseline. We established testing and training protocols, assembled a cadre of trained assistants, and completed pilot testing in the fall of 2004. Formal data collection began in the spring of 2005 (first wave). We followed the children through to the end of grade 6, with reassessments done in the fall of 2005 (second wave), the spring and fall of 2006 (third and fourth waves) and the spring of 2007 (fifth wave). A total of 2083 children received motor testing; 103 were excluded from the multivariable models because of missing outcomes or other critical data, which left 1979 children in these analyses.
Assessment of motor coordination
Although repeated measures were taken for most assessments, motor coordination was assessed only once for each child. Developmental coordination disorder is a chronic condition that is present from birth, 16, 17 although it may not be detectable until early childhood. 18, 19 It generally does not improve with time. 20, 21 Given this, and the expense of testing all children at the same point in the study, motor coordination was assessed across three different data-collection points. All 75 schools that agreed to participate were randomly divided into three groups. In the fall of 2005, children in the first group of schools (n = 688) were screened for coordination difficulties; 36 were found to have possible developmental coordination disorder. In the spring of 2006, children in the second group (n = 723) were screened, and 39 children were found to have possible developmental coordination disorder. In the spring of 2007, children in the final group of 25 schools (n = 672) were tested, and 36 were identified as having possible developmental coordination disorder. To the best of our knowledge, none of the children had been evaluated for the disorder before the beginning of the study.
Reports detailing the results of the assessments of motor coordination and other measurements were sent to parents after each testing period. Parents of children who scored below the sixth percentile on the test of motor coordination received additional information on developmental coordination disorder, along with a letter explaining that children had not received a clinical assessment and that signs of poor motor coordination are common and not an indication of poor intellectual ability.
The data-collection procedures have been described in detail elsewhere. 22 In brief, trained research assistants administered all assessments in the school gymnasium, where possible, and in other locations when necessary. A research coordinator and members of the core research team (J.C., J.H., B.F.) randomly observed testing to ensure data quality.
Measurement of BMI and waist circumference
Height and weight were measured using stabilometers (SECA, Hamburg, Germany) and precise electronic weight scales (Tanita, Tokyo, Japan). Waist circumference was measured midway between the lowest rib and the superior border of the iliac crest. 23 Waist circumference was measured twice and the average of these measures recorded.
Identification of developmental coordination disorder
The Bruininks-Oseretsky test of Motor Proficiency (BOTMP) is one of the most commonly used standardized test in the identification of children with developmental coordination disorder. 24 We evaluated motor coordination using the short form of this test (BOTMP-SF). The short form has been validated against the long form of the test, with correlations between 0.90 and 0.91 among children aged 8 to 14 years. 25 The short-form BruininksOseretsky test was administered to the participating children in their school's gymnasium. Children who scored at or below the fifth percentile on the test (based on population-derived norms) were classified as having possible developmental coordination disorder. We described the disorder as "possible" because testing was administered on location by trained researchers, not as a diagnostic protocol administered by a physician. Moreover, our method did not include all of the four diagnostic criteria (Box 1). 4 In this study, the short form of the Bruininks-Oseretsky test of Motor Proficiency was used to measure only criterion A; all participants who had known intellectual or learning disabilities or physical health problems (criteria C and D) were excluded. Of the 2083 children who received motor testing, 32 were removed for the analysis for these reasons. Criterion B was not measured.
A reassessment of a random sample of 24 children by a pediatric occupational therapist supported the validity of the testing approach. 22 About two years after their original assessment, 77 children drawn from a randomly selected subset of schools were retested with the short form of the BruininksOseretsky test of Motor Proficiency by different examiners who were blind to the original results; the correlation between the two sets of scores was 0.70 (p < 0.001). We judged this to be acceptable, particularly because differences reflected any limitations of the instrument's test-retest and interrater reliability, as well as any changes in symptoms.
Statistical analysis
For BMI and waist circumference, we used mixed-effects modelling to estimate change within individuals over time, adjusting for correlation of measures within children (i.e., repeated-measures) and of children within schools. We included random intercepts at the school and student levels, as well as a random slope for time. Analysis of the data revealed possible seasonal effects, so we chose to use an unstructured covariance matrix. For both dependent measures, we fit models including time, possible developmental coordination disorder and sex, as well as all interactions among these measures. To model possible nonlinear patterns of change, we added a quadratic term for time.
We then used the age-and sex-specific cut-points derived by Cole and colleagues 26 to create binary indicators of overweight and obesity and conducted a similar analysis to examine associations between possible developmental coordination disorder and these outcomes. Attempts to fit logistic three-level models resulted in problems achieving convergence with accurate fixed effects; however, school-level effects were shown to be modest and appeared to have little impact on estimates of fixed effects. We therefore modelled these outcomes using a generalized estimating equations approach, with repeated-measures, a logit link function and an unstructured covariance matrix. Because the effect of time appeared to be approximately linear for these outcomes, we omitted the quadratic term.
Results
Descriptive characteristics of the children at each wave of the study are provided in Table 1 . At baseline, children with possible developmental coordination disorder had higher mean BMIs and waist circumferences than typically developing children. BMI differed by about 15%, and waist circumference by about 12%.
The results from the fixed-effects models for BMI and waist circumference are shown in Tables 2 and 3 . In these models, we tested for a nonlinear effect of time and for interactions between time, sex and status of possible developmental coordination disorder. For BMI, we found significant interactions between time and sex and between time and possible developmental coordination disorder. For waist circumference, we found significant interactions between sex and possible developmental coordination disorder and between time and possible developmental coordination disorder; the interaction between sex and time was not significant. There was no evidence of a three-way interaction between these variables for either outcome (p > 0.10) so this term was not included in the final models. The presence of significant, positive effects for the interaction between possible developmental coordination disorder status and time for both BMI and waist circumference indicated that differences in these outcome measures between groups over time was not static. In order to aid in the interpretation of this effect, we graphed the predicted values against time for both outcomes, assuming a baseline age of 10 years (Figures 1 and 2) . We found that possible developmental coordination disorder was associated with more rapid increases in both BMI and waist circumference over the twoyear study period. The trajectories throughout this period were similar for both boys and girls, regardless of whether they had possible developmental coordination disorder.
The results of our analysis of the risk of overweight and obesity associated with possible developmental coordination disorder are presented in Table 4 . Because there are no consensus-based cut-points for waist circumference for either overweight or obesity, we limited this analysis to age-specific BMI cut-points derived from the work of Cole and co authors. 26 For overweight (Table 4) , we found a significant main effect of possible developmental coordination disorder: children with possible developmental coordination disorder were more than three times as likely as those without the disorder to be overweight over the study period. We did not find a significant interaction between possible developmental coordination disorder and time, which suggests that the gap in overweight between children with and without possible developmental coordination disorder remained stable over time. We also found no effect of sex on the association between the disorder, time and overweight. Figure 3 is a plot of the predicted probability of overweight in both groups of children, derived using the equation from Table 4 . Children with possible develop- mental coordination disorder were at higher risk for overweight throughout the study period than were children without the disorder. There was very little difference between boys and girls in both groups. For obesity (Table 4) , we found both a significant main effect of possible developmental coordination disorder and a significant interaction between the disorder and time. Similar to the analysis with overweight as the outcome, we found no evidence of an interaction between sex, time and possible developmental coordination disorder. Sex-related effects were very small in these models. Figure 4 shows the predicted probability of obesity, derived from the equation in Table 4 , among boys with and without possible developmental coordination disorder. To simplify the figure, we plotted values only for boys, but the values for girls were essentially identical. The risk for obesity increased over time among children with possible developmental coordination disorder, whereas the risk of obesity among children without the disorder remained relatively constant.
Interpretation
Consistent with findings from previous studies, we found that children with possible developmental coordination disorder had higher mean BMI values at baseline and were at greater risk of overweight and obesity than were children without the disorder. 7, 10 Perhaps most importantly, we found that differences in both BMI and waist circumference remained significant over time and even increased by the final assessment.
In contrast, in her analysis of children 5 to 7 years of age, Hands 8 found neither a main effect of motor coordination on BMI, nor an interaction between time and motor coordination. Differences in the age composition of the samples between studies and the relatively small number of participants in Hands' study (n = 38) may account for the contradictory findings.
When we focus on overweight and obesity, our results are remarkably consistent with those of Osika and Montgomery 9 in that both studies showed an increased risk of overweight or obesity over time among children with coordination problems. Both studies reported odds ratios between three and four, even though the study by Osika and Montgomery 9 examined the risk of obesity about 26 years after the initial assessment of clumsiness. Our results do differ, however, from an earlier study of developmental coordination disorder and obesity, which showed that the disorder was associated with obesity among boys but not among girls. 7 The results of our current study suggest that the child's sex makes little difference to the risk of overweight or obesity in this population. 
